Current military conflicts in Iraq and Afghanistan have produced a significant number of complex injury patterns. Multiple extremity trauma and wide zones of injury mandate a flexible approach to these problems. We report our experience with periarticular elbow injuries with large soft tissue defects. Acute vascular reconstruction and multiple wound debridements throughout the evacuation chain set the stage for successful rigid fixation. The judicious use of pedicled thoracoabdominal flaps remains a viable solution when microvascular techniques are less appropriate.
Introduction
Recent military conflicts and the return of casualties through our evacuation system have had a dramatic effect on the types of injuries being treated at military medical treatment facilities. The large number of serious complex upper-extremity injuries has been attributed to the successful use of body armor by US forces. Many soldiers are surviving injuries that in previous conflicts would have been fatal, as the body armor deflects projectiles from striking the torso and vital organs. As a result, the complexity of many of the survivable extremity injuries in these casualties has been higher than in previous conflicts. We have treated a large number of upper-extremity war injuries, many with complicated fractures, vascular and nerve injuries, and severe soft tissue deficits about the elbow. The complex nature of the soft tissue deficits about the upper-extremity has required us to reevaluate the coverage options for these particular wounds.
Thoracoabdominal pedicle flaps have been described over 60 years ago as a means by which to deal with friable and otherwise extensive scar tissue resulting from extremity war wounds [1, 3] . These flaps were used to revise established scar and contracted soft tissue. More recent descriptions focused on anatomic limits and particular vascular supply [5, 9] . Additional clinical series have demonstrated the effectiveness of these flaps [2, 4] .
The concept of angiosomes in describing vascular territories was introduced to describe segmental and distributing vessels that supplied "composite blocks" of all tissues from skin to bone [8] . Their supply to perforator flaps was described in a subsequent work, further dividing vascular supply to the connective tissue into two components, superficial and deep fascia [7] . The dominant supply to superficial tissues arise as direct perforators off the source artery between or through muscle to pierce the deep fascia, after which they can radiate for long distances. In this region, indirect perforators through the deep fascia form additional contributions from the underlying muscle.
It is the indirect perforators that must be ligated in subfascial dissection of the flaps that we describe.
Due to the large and unpredictable zone of injury inflicted by the high-caliber munitions and concussion effect from the improvised explosive devices encountered in current conflicts, free flaps have had an unacceptable rate of complication among patients treated by skilled microsurgeons. As a result, we have performed seven pedicled thoracoabdominal flaps to cover elbow periarticular wounds with good success. To date, none of our patients has required a delay of flap division. There have been no flap failures, and none has required revision or defatting.
Technique
The patient is placed in the lateral decubitus or semilateral decubitus position, depending on the size of the defect and the amount of coverage needed. Landmarks outlining the typical flap dimensions are the nipple line superiorly, the anterior border of the latissimus laterally, the lateral border of the rectus abdominis medially, and the umbilicus inferiorly. The pedicle can be an anteriorly based thoracoepigastric flap or a posteriorly based random pedicle flap, depending on the area needing coverage and the amount and size of excursion demanded by the wound. In the case of the thoracoepigastric flap, supplied by the superior epigastric artery, the limits can be extended such that the distal vascularity becomes random [4] [5] [6] .
The muscle fascia is included while raising the flap to ensure inclusion of the vascular network of perforating vessels [4] . This is a somewhat tedious task due to the number of perforators and the multiple contours of the underlying serratus muscles. Care must be taken to avoid proceeding to far posterior under the latissimus in order to protect the long thoracic nerve. Subfascial dissection in the posterior random portion is not necessary in those cases requiring more extensive flap coverage [4] . Alternatively, the surgeon must be cautious to avoid carrying the dissection too far medially, as one can erroneously enter the rectus abdominis fascia and the incorrect dissection plane. Once the flap is raised, the donor site can be closed primarily if the flap is small enough, or the corners can be sutured to decrease the size of the donor site and a split thickness skin graft is applied. It is critical to do this prior to suturing the flap in place, as the position of the arm and flap would otherwise make it difficult to secure the skin graft to the recipient flap donor site. A standard nonadhesive dressing is applied over the skin graft and stapled in place to compress the split thickness skin graft to its bed. The flap is sutured in place after appropriate debridement and preparation of the extremity wound. The exposed undersurface of the flap pedicle is dressed with bacitracin ointment and a nonadherent dressing. The arm is secured to the side with a compressive wrap for the first few days. Once the patient has grown accustomed to the positioning, minimal wrapping is needed except to maintain a dressing on the wounds. The dressing is removed from the skin graft site at 5 to 7 days. During this time period, drainage from the exposed undersurface of the donor pedicle is well addressed by absorbent dressing. Once the split thickness skin graft has taken place, the patient is allowed to shower with caution. The flap is left in place for 3 weeks. The pedicle is then divided and the flap is inset.
Illustrative Cases
Case 1 (Posteriorly Based) A 35-year-old female army soldier sustained multiple blast injuries resulting in bilateral lower extremity amputations and right dominant open periarticular elbow fracture with large posterior soft tissue loss, bone loss, and neurovascular injury ( Fig. 1a, b ). This patient underwent a thorough urgent surgical debridement and spanning external fixation at the theater hospital. Following multiple debridements of her elbow, at several facilities during her evacuation, open reduction and internal fixation were performed ( Fig. 1c ). Wound coverage was obtained, utilizing the posteriorly based random pedicled flap ( Fig. 1d ). One of the primary considerations in this patient was the concomitant brachial artery injury, which was ultimately treated nonoperatively by the vascular surgeons at our institution. Despite the brachial artery injury, the patient's distal vascular status was intact due to reconstitution via collateral flow. She has had no adverse effects attributable to her vascular status to include cold intolerance. We have seen this in multiple patients with proximal vascular injuries from the war. Follow-up evaluations demonstrated good healing of the flap and acceptable elbow range of motion ( Fig. 1e, f) .
Case 2 (Anteriorly Based)
A 20-year-old male Marine sustained a left traumatic below-elbow amputation in combat. He was evacuated through the usual channels to another military treatment facility. His treatment consisted of debridement and a latissimus muscle flap with split thickness skin grafting in an effort to maintain his short below-elbow amputation. He was subsequently transferred to our medical treatment facility for amputee care and prosthetic fitting. He soon developed breakdown of soft tissue at the distal end of his limb resulting in exposed bone ( Fig. 2a ). Treatment options included revision coverage or conversion to a shorter amputation level. We elected to revise the coverage to retain his below-elbow amputation. He underwent debridement of the distal wound. The surrounding split thickness skin graft site was also debrided in favor of a more durable soft tissue flap to bear an upperlimb prosthesis (Fig. 2b ). An anteriorly based thoracoepigastric pedicled flap was chosen to cover this defect (Fig. 2c, d) . The flap was divided and inset 3 weeks later ( Fig. 2e ). This flap provided durable surface and facilitated preservation of a functional below-elbow amputation level to accommodate his prosthesis ( Fig. 2f, g) .
Discussion
Soft tissue coverage of elbow wounds has been problematic in the casualties that are returning to the USA from Operations Iraqi and Enduring Freedom for several reasons. First, these wounds generally encompass a significant area surrounded by adjacent large zones of injury with compro- The principle of early thorough surgical debridement of nonviable tissue holds true for both civilian and military casualties. The evacuation chain from forward surgical facilities in theater, through regional US medical centers in Europe, and ultimately to stateside medical centers affords the opportunity for serial debridements and further medical stabilization of associated wounds. It is often but not always the case that, through this sequence, the wide zones of tissue injury become apparent. This is due to the concussive effect that high-velocity munitions have on the surrounding soft tissues. There are additional concerns for secondary wound contamination from surrounding debris pulled into the wound. These are the very reasons that traumatic war wounds are not closed primarily at the time of early debridement. It serves as an example of the difference between civilian blunt trauma and blast wounds seen in war casualties.
Free tissue coverage techniques can at times be utilized. They often require vascular grafts to create an anastomosis outside the zone of injury. We have in fact successfully applied this technique to appropriate surgical situations. There are cases though that do not lend themselves to more traditional approaches. These include multiextremity mutilating injuries in which traditional flaps may not be readily available or cases in which they may further compromise function. Free flaps are often not a viable solution to provide adequate coverage because vascular tie-in points are often compromised by their location within a wide zone of injury lending to a high risk of failure or in instances where a far proximal anastomosis is not practical. We have also used pedicled latissimus flaps with good success; however, they are often much larger than necessary. In addition, the most distal portion of the flap critical for coverage is also at the greatest risk for necrosis as demonstrated in case 2. The use of thoracoabdominal pedicled fasciocutaneous flaps has allowed us to cover sizable wounds around the elbow without compromising the surrounding vascular structures.
This flap option has several disadvantages, including the residual donor site scar and the need to attach the patient's arm to their torso for approximately 3 weeks. The inability for the patient to mobilize their extremity for a period of time provides several challenges such as personal hygiene, increased risk of infection secondary to perinea proximity, and the potential of graft dislodgement due to tension during ambulation and movement. Additionally, the flap is insensate. Therefore, pressure and temperature precautions must be emphasized.
All these considered, the judicious use of pedicled thoracoabdominal flaps has several significant advantages. The flaps can be based anteriorly or posteriorly to accommodate soft tissue wounds anywhere about the elbow. The flap dimensions can be adjusted to cover defects of small to significant size. These fasciocutaneous flaps are relatively thick and durable and therefore can withstand joint motion and prosthetic wear. Finally, these flaps can be employed during scar revision or as definitive initial soft tissue coverage of clean wounds.
The vascular status of our patient presented as case 1 was an early concern. This patient represents an unfortunate but common multiextremity injury pattern. She sustained a very high transfemoral and contralateral transtibial amputation in addition to the pictured upper-extremity injury as a result of a large-caliber high-velocity rocket grenade. Her segmental brachial artery transection was recognized early. She underwent emergent surgical resuscitation, wound debridement, and provisional fixation. During the course of her evacuation through multiple medical facilities, her distal extremity remained well perfused. She was thoroughly evaluated by vascular surgeons at the time of her injury as well as upon arrival to our medical center. The segmental nature of her arterial injury would have required venous grafting. Her concomitant extremity trauma precluded typical graft sources. In light of her collateral flow and reconstitution distally, their strong recommendation was not to reconstruct the vessel. Of note, she has had no issues such as cold sensitivity despite returning home to Chicago where she has lived for the past 4 years.
These pedicle flaps also serve a role in salvage situations. While there was a concern regarding a latissimus dorsi flap in a patient with a short transradial amputation, he underwent this procedure prior to transfer to our facility. Distal wound breakdown was noted during early prosthetic training. The goals of our surgery were to provide soft tissue coverage while maintaining a functioning belowelbow amputation level. We also sought not to further compromise shoulder function by pursuing more traditional proximal flaps. He has subsequently done very well with his prosthesis and has not had soft tissue complication.
The remaining five patients in this series not described in detail have each done relatively well. There have been no flap complications or soft tissue breakdown. Each of the seven patients was subsequently medically separated though due to their concomitant injuries.
In short, these flaps have served our patients well. They were initially described for secondary reconstruction of soft tissue wounds encountered during World War II. During the advent of successful microvascular reconstruction, they have been given little attention beyond that afforded by surgical textbooks, anatomic descriptions, and case reports. While we would prefer microvascular techniques when appropriate, there are instances that would place their viability at risk. We have found pedicled thoracoabdominal flaps to be a durable and reliable option for coverage of large soft tissue wounds about the elbow. As such, they should be included in the clinical armamentarium of surgeons who might encounter this potentially devastating injury pattern.
